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1. Introduction
In this contribution, we discuss remaining details on measurement for L3 mobility management based on agreements made in previous meetings.

2. Discussion on RSSI definition for RSRQ
In the previous meeting [1], RAN1 agreed on the following alternatives for RSSI definition:
	Agreements:
· Study further between the two alternatives on the type of the RSSI measurement resource in time domain: 
· Alt 1: RSSI is measured within the resource without considering whether the resource is DL or UL or both
· Alt 2: RSSI is measured only within the DL part
· Note: UE at least knows that the OFDM symbols corresponding to the SS block locations indicated in the RMSI is for DL
· Note: Identification of the DL part of a slot of a serving/selected cell for the RSRQ measurement purpose, if necessary, will follow the decisions from the control sessions
· Study further among the following alternatives on the configurability of the RSSI measurement resource in time domain: 
· Alt a: The resource is predefined in the spec
· Alt b: The resource is explicitly configured in the SI for IDLE mode measurements and in the RRC signaling for CONNECTED mode measurements
· Alt c: UE detects RSSI measurement resource
· Alt d: The resource is implicitly derived by other parameters in SI, e.g., the actually transmitted SS blocks indicated in RMSI
· To down select, consider applicability of these alternatives for inter & intra frequency measurements, IDLE & CONNECTED mode and initial cell selection



First of all, we would like to point out the necessity for two types of RSSI measurements, i.e., based on SS block and based on CSI-RS. The reason for that is twofold:
· fundamental difficulty to take into account other signal/channel power besides SS blocks in case of SS block-based RSSI;
· application scenarios of SS block-based RSRQ, which is available in both CONNECTED and IDLE modes, and CSI-RSRQ, which is available in CONNECTED mode only.

Measurements of RSRQ based on SS-blocks can be considered as a baseline for all UEs and may reflect the rough (i.e., worst case) estimation of cell load. Whereas CSI-RSRQ measurements can be considered to be more advanced and, therefore, configured only in CONNECTED mode for better cell load estimation.
Based on that, we first define CSI-RSRQ according to the following proposal:
Proposal 1:
· CSI reference signal received quality (CSI-RSRQ) is defined as the ratio (N×CSI-RSRP)/ CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.
· CSI received Signal Strength Indicator (CSI-RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.
· Unless indicated otherwise by higher layers, CSI-RSSI is measured only from OFDM symbols containing CSI-RS configured to support L3 mobility.

For SS block-based RSSI, Alt. 1 may result in biased estimation due to interference from UL transmissions of the same-cell UEs. Therefore, between the two alternatives, Alt. 1 and Alt. 2, we prefer Alt. 2. However, it is difficult to define DL only resources in Alt. 2. In principle, it is possible to signal these resource to UE for L3 measurements. But SS block-based RSSI should also be obtained by IDLE mode UEs. For those UEs, the only available signaling is RMSI/OSI. If IDLE mode UEs always rely on the signaled DL resource to perform mobility measurements, they are always required to decode NR-PBCH to decode and read RMSI CORSET in order to decode and read RMSI/OSI. Such extra signal processing at the UE side should be avoided. Therefore, we propose to use the four OFDM symbols from the detected actually transmitted SS/PBCH block which UE knows for sure are DL symbols. In addition to these symbols, the UE can assume that certain OFDM symbols in the beginning of the NR slot with the detected actually transmitted SS/PBCH block are also DL symbols. For example, these first OFDM symbols of NR slot can be used to transmit NR PDCCH as discussed in our companion contribution [2].
Proposal 2:
· SS reference signal received quality (SS-RSRQ) is defined as the ratio (N×SS-RSRP) / SS-RSSI, where N is the number of resource blocks in the RSSI measurement bandwidth.
· SS received signal strength indicator (SS-RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.
· SS-RSSI is measured only from OFDM symbols of the detected actually transmitted SS/PBCH block and first X OFDM symbols in the beginning of the NR slot containing the detected block.
· FFS: the value of X

Regarding the measurement bandwidth (BW), we would like to keep it up to UE implementation with the limitation that corresponding measurement accuracy requirements (defined by RAN4) have to be fulfilled. For example, for SS-block based RSRQ (SS-RSRQ) minimal requirement can be set considered the bandwidth of SS block, but UE, in principle, can measure the whole system BW provided the information about its edges in the frequency domain.
Proposal 3:
· Measurement bandwidth used in CSI-RSRQ and SS-RSRQ definition is up to UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

3. Clarification of RSRP Definition with respect to Rx beams
In RAN1 NRAH#3, there was a discussion on how to capture the Rx beam aspects into the RSRP definition. The following agreements was taken:
	Agreements:
· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier
· Different sets of RX beams can be used in measurements based on different measurement objects
· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object
· FFS
· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set
· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set
· Other alternatives are not precluded



First of all, we should acknowledge that taking measurement for each Rx beam implemented by the UE may require separate time resource to perform measurements, due the very nature of analog beamforming. This means that if the UE has many Rx beam implemented, and the UE is required to make measurements on all the implemented Rx beams, the overall measurement period could get quite long and prohibit such implementation from the beginning. Therefore, we strongly suggest that Rx beams selected by the UE for RRM measurements be UE implementation specific and do not mandate to always perform measurement of all Rx beams, as in Alt. 2 when the selected set is the set of all RX beams needed to be measured in order to get the best beam.
In this light, Alt. 1 is unclear to us because it also requires to measure each RX beam from the selected set in order to obtain the average of the measurements and therefore is similar to Alt. 2. If understanding of the average in Alt. 1 is to use a kind of quasi-omni RX antenna pattern, it is questionable to us how to provide the reliability of quasi-omni beam measurements, e.g., sufficient range.
To allow flexibility in Rx beam selection for measurement and provide the basic level of reliability, we propose to add the following text to the RSRP measurement definition. The RSRP measured in the physical layer goes through not just L1 filtering but also L3 filtering before it is report to the network. In order to no break the continuity of the RSRP measurement in the filter bank, it would be in the best interest of the UE to have consistent reporting of the RSRP. Otherwise, the L1 and L3 filtering operations would destroy reporting of RSRP values through form of averaging. So we do not believe strict enforcement of measurement stability is not needed for the UE as long as UE is providing s stable measurement results that the network could use to compare values from different cells. Therefore, our preference is that which Rx beam is used for measurement is explicitly not mentioned in specification to provide implementation flexibility.
Proposal 4:
· Proposed to add the following description to RSRP definition:
· If the receiver beamforming is in use by the UE, RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
· If receiver diversity is in use by the UE, the reported RSRP value shall not be lower than the corresponding RSRP of any of the individual receiver branches.

4. Clarification of CSI-RS based RSRP Definition
Regarding the CSI-RS based RSRP definition, the following agreement was made in RAN1#90 meeting [3]:
	Agreements:
· CSI-RSRP measurement quantity should be defined per configured CSI-RS port



In the same meeting, the following was agreed as the working assumptions:
	Working assumptions:
· Design of [1 or 2] port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility
· Values of D for CSI-RS for beam management are reused for CSI-RS for L3 mobility
· FFS: maximum number of CSI-RS resources in total for L3 mobility that can be configured to a UE
· For one cell, all CSI-RS resources for L3 mobility are confined to X slot(s)
· FFS: value of X



Now, if the 2-port CSI-RS resources are configured to be used for L3 mobility measurements, there are actually 2 measurement results, i.e., one for each of the 2 ports. However, most typically the 2-port CSI-RS resources are configured for the same beam but superposed signal polarization. Our understanding is illustrated in Figure 1 for antenna panel with X-pol antenna elements were non-typical (a) and typical (b) beamforming is shown. In non-typical case, there are two beams formed with orthogonal linear signal polarizations. In typical case, there is one beam with superposed signal polarization. To avoid two measurement reports for the same beam in the typical use case of 2-port CSI-RS resource configuration, we propose to define CSI-RSRP measurement quantity per configured CSI-RS resource instead of configured CSI-RS port. Equivalently, measurement from 2-port CSI-RS would be combined into a single report. 
Proposal 5:
· CSI-RSRP measurement quantity should be defined per configured CSI-RS resource. Equivalently, UE may use both CSI-RS ports mapped to a CSI-RS resource to determine RSRP.



	(a) two beams	(b) one beam
[bookmark: _Ref492832140]Figure 1. Typical and non-typical beamforming by an X-Pol antenna panel.

5. Discussion on Interference and Noise Measurement for RS-SINR
It was agreed to introduce RS-SINR metrics based on SS block and CSI-RS for UEs in CONNECTED mode [3]. In our understanding, the signal part of RS-SINR is the corresponding RSRP. The definition of interference plus noise part (I+N) plays crucial role in accuracy of RS-SINR. In principle, I+N for CSI-RS-SINR can be measured on resource elements carrying the CSI-RS. For that purpose, high configurability of CSI-RS allows the network to multiplex CSI-RS of one cell with, for example, PDSCH from other cells. However, for SS block, the configurability to select block position is very limited. As the result, in most cases SS blocks from one cell interfere with SS blocks from other cells but not with data REs. At the same time, it may be beneficial to have a common set of resources for interference measurement. For example, it allows to combine SS block-based RSRP and CSI-RSRP in the signal part of RS-SINR, of course, if SS and CSI-RS are co-located.
Since RS-SINR is introduced for UEs in CONNECTED mode, it is possible to configure interference measurement resources (IMRs) common both for SS block-based and CSI-RS-based RS-SINR. We propose to reuse CSI-IM resources for that purpose and leave the exact definition of CSI-IM up to the CSI acquisition and beam management session.
There were several other alternatives proposed for (I+N) measurements:
· Alt. 1: Perform (I+N) measurements for xx-SINR (SS or CSI-RS based) in the resource elements of the respective reference signal (SS or CSI-RS) [4];
· Alt. 2: Use cell-specifically transmitted signals, e.g., PBCH-DMRS or TRS.
The main drawback of Alt. 1 is that it introduce two types of (I+N) measurements: for SS block and CSI-RS. As discussed previously, the interference on SS block can’t be always reflected properly especially in scenarios where all cells transmit SS blocks simultaneously. Due to different nature of obtained (I+N) measurements, the corresponding SS-SINR and CSI-RS-SINR can’t be combined together for better accuracy.
The main drawback of Alt. 2 is that the RE positions of the cell-specific signal could be based on cell ID (e.g., vshift of PBCH-DMRS), and sometimes these signals collide with each other and not with the data transmission. Therefore, the measurement of interference from data is not correctly counted. The situation is somewhat similar to SS/PBCH blocks.
Based on the discussion above we propose CSI-IM based (I+N) measurements for RS-SINR:
Proposal 6:
· RS-SINR based on SS/PBCH block (CSI-RS) is defined as a ratio of SS/PBCH block-based RSRP (CSI-RSRP) to the linear average of the noise and interference power contribution (in [W]) over the resource elements of CSI-IM.

Proposal 7:
· Leave the exact definition of CSI-IM resources up to the CSI acquisition and beam management session.


6. CSI-RS for L3 Mobility Measurements
The main motivation behind support of CSI-RS for CONNECTED mode RRM measurement for L3 mobility was that CSI-RS configured for P-1 beam management can re-utilized for L3 mobility purposes. The P-1 beam management is used to enable UE measurements on different TRP Tx beams to support the selection of TRP Tx beam and UE Rx beams. Basically, the P-1 beam management is set of procedures utilizing link quality measurement from set of reference signals and determining the best links. The basic structure should be able to provide necessary measurements for L3 mobility.

The only difference between P-1 beam management and L3 mobility is that the UE is required to obtain the timing (i.e. slot and radio frame boundary) of CSI-RS that it needs to measure. In RAN1 #88, it was agreed that the detection of neighbor cells for L3 measurement is based on NR-SS, and in RAN1 #88bis, it was agreed that NR cell ID for time reference of CSI-RS(s) is informed to the UE. However, it was left FFS whether timing synchronization between CSI-RS and SS block of the cell is assured, where the timing synchronization refers to frame/slot/symbol timing.

In this section, we provide 2 different deployments cases and discussed the timing requirements for CSI-RS such that UE can perform useful measurements.

Case 1) Fully synchronous network (all cells and TRPs are synchronized, including SFN synchronization) 
[image: ]
Figure 3. Illustration of CSI-RS measurement timing for fully synchronous network
In a fully synchronous network, where all TRPs from all cells are synchronized, the UE only requires to know the frame boundary timing of the serving cell for any CSI-RS measurements for L3 mobility. Here we assume synchronization refers to synchronous to the receiver within a fraction of the CP. For synchronous deployments with extremely large cells, where the propagation delay can be larger and in the orders of CP lengths, we classify them as asynchronous for the purpose of this discussion.

In such scenario, the network does not necessarily need to associate different cell ID to different CSI-RS configurations. All CSI-RS configuration could potentially be associated with the serving cell ID. Of course, there may be situations where the network wishes to group or classify CSI-RSs such that it can receive RSRP reporting from each of the CSI-RS groups. It should be noted that if the network wishes to receive RSRP reporting for different TRPs within a cell, this CSI-RS grouping functionality may be needed even for the serving cell to enable RSRP reporting per TRP.

Case 2) Asynchronous network (all cells are not synchronized, TRPs within a cell are synchronized) 
[image: ]
Figure 4. Illustration of CSI-RS measurement timing for asynchronous network

In an asynchronous network, the UE requires to know the frame boundary timing of the cell that is transmitting CSI-RS for CSI-RS RSRP measurements. In such scenario, the network need to provide associated cell ID to each CSI-RS configurations. Similar to the synchronous network case, the network may wish to further group CSI-RS from a cell. Such functionality should be provided for L3 mobility measurements.

Proposal 8:
· Mechanism to group of CSI-RS for L3 mobility measurement for a cell should be supported.
· UE will be expected to report at least one CSI-RS RSRP for one CSI-RS within each group. 

One of key aspect for multi-TRP cells is that the frame boundary timing from any one of the SS blocks should provide accurate frame boundary timing for any of the CSI-RS that is being transmitted from that cell. For example, if two TRPs from the same cell have some transmission delay, such that SS blocks being sent from different TRPs result in different frame timing, just providing an associated cell ID to the CSI-RS does not provide all the information necessary for the UE to perform CSI-RS measurements. Therefore, any of the SS blocks from a cell must provide the exact the same frame boundary timing, and the CSI-RS that is being transmitted from any one of TRPs should be bounded to the frame boundary timing.
Additionally, for component carriers (CC) without SS blocks, if the UE needs to measure CSI-RS for L3 mobility in these CCs, a timing reference would need to be provided to the UE. We propose that the timing reference is SS block(s) of the Pcell.

Proposal 9:
· Remove the FFS in the agreement note and agree that
· Timing synchronization between CSI-RS and SS block of the cell is assured
· Timing reference for CSI-RS for L3 mobility measurement in a Scell without SS block shall be the timing of the Pcell (i.e. with SS block(s)). Network will indicate the timing reference relationship for CSI-RS for L3 mobility measurement in a Scell without SS block.

7. Implicitly Deriving Parameters for CSI-RS for L3 Mobility Measurements
As it was agreed that CSI-RS configuration for L3 mobility would be done using dedicated RRC signaling, the network needs to provide CSI-RS configuration for all cells to the UE. Although, providing a full list of CSI-RS configuration parameters for all cell may look quite daunting, it is quite possible to compress the signaling such that only one parameter is signaled that are common among all cells that are participating in the CSI-RS base L3 mobility. In fact, other than the CSI-RS ID which may be used to generate the CSI-RS sequence, all other CSI-RS configuration parameters could be signaled to be common among all cells (or list of cells).
Alternative to explicit signaling of all CSI-RS configuration parameters is having an implicit derivation of CSI-RS parameters from Cell ID. The implicit mapping would be too restrictive as this would be essentially introducing back the cell specific common reference signal (CRS) in LTE. I believe in order to provide flexible and forward compatible NR specification, we should avoid any implicit derivation of parameters from Cell ID and all CSI-RS parameters should be explicitly configured.
To provide the mechanism to support CSI-RS configuration for a large number of cells, NR should support signaling compression method that would allow sharing of the common CSI-RS parameters among different CSI-RS ports. Furthermore, the CSI-RS ID, which may be used for sequence generations, should be made such that network can choose between a explicitly signaling of CSI-RS ID or using a Cell ID and port number to create a CSI-RS ID.
Proposal 10:
· No implicit mapping of CSI-RS configuration parameters based on Cell ID is supported. All CSI-RS configuration parameters is explicitly signaled. 
· UE does not autonomously search for CSI-RS for all cells.
· NR supports compression of CSI-RS configuration for large group of CSI-RS ports, and allows common configuration parameters for large group of CSI-RS ports.
· The large group of CSI-RS ports may include the possibility of CSI-RS ports for all cell IDs.
· NR supports two CSI-RS identifiers, which is used for RS sequence generation, (1) an explicit signaling of the CSI-RS identifier, (2) CSI-RS identifier generated based on cell ID.
· Note that signaling of cell ID association to a CSI-RS port was already agreed. 

8. Conclusions
	In this contribution, we discussed the reference signal for SS block RSRP measurements. Our proposal is summarized as below:
Proposal 1:
· CSI reference signal received quality (CSI-RSRQ) is defined as the ratio (N×CSI-RSRP)/ CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.
· CSI received Signal Strength Indicator (CSI-RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.
· Unless indicated otherwise by higher layers, CSI-RSSI is measured only from OFDM symbols containing CSI-RS configured to support L3 mobility.

Proposal 2:
· SS reference signal received quality (SS-RSRQ) is defined as the ratio (N×SS-RSRP) / SS-RSSI, where N is the number of resource blocks in the RSSI measurement bandwidth.
· SS received signal strength indicator (SS-RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.
· SS-RSSI is measured only from OFDM symbols of the detected actually transmitted SS/PBCH block and first X OFDM symbols in the beginning of the NR slot containing the detected block.
· FFS: the value of X

Proposal 3:
· Measurement bandwidth used in CSI-RSRQ and SS-RSRQ definition is up to UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

Proposal 4:
· Proposed to add the following description to RSRP definition:
· If the receiver beamforming is in use by the UE, RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
· If receiver diversity is in use by the UE, the reported RSRP value shall not be lower than the corresponding RSRP of any of the individual receiver branches.

[bookmark: _GoBack]Proposal 5:
· CSI-RSRP measurement quantity should be defined per configured CSI-RS resource. Equivalently, UE may use both CSI-RS ports mapped to a CSI-RS resource to determine RSRP.

Proposal 6:
· RS-SINR based on SS/PBCH block (CSI-RS) is defined as a ratio of SS/PBCH block-based RSRP (CSI-RSRP) to the linear average of the noise and interference power contribution (in [W]) over the resource elements of CSI-IM.
· For RS-SINR, the RX beam used for RSRP measurements is reused in the noise and interference measurements.

Proposal 7:
· Leave the exact definition of CSI-IM resources up to the CSI acquisition and beam management session.


Proposal 8:
· Mechanism to group of CSI-RS for L3 mobility measurement for a cell should be supported.
· UE will be expected to report at least one CSI-RS RSRP for one CSI-RS within each group. 

Proposal 9:
· Remove the FFS in the agreement note and agree that
· Timing synchronization between CSI-RS and SS block of the cell is assured
· Timing reference for CSI-RS for L3 mobility measurement in a Scell without SS block shall be the timing of the Pcell (i.e. with SS block(s)). Network will indicate the timing reference relationship for CSI-RS for L3 mobility measurement in a Scell without SS block.

Proposal 10:
· No implicit mapping of CSI-RS configuration parameters based on Cell ID is supported. All CSI-RS configuration parameters is explicitly signaled. 
· UE does not autonomously search for CSI-RS for all cells.
· NR supports compression of CSI-RS configuration for large group of CSI-RS ports, and allows common configuration parameters for large group of CSI-RS ports.
· The large group of CSI-RS ports may include the possibility of CSI-RS ports for all cell IDs.
· NR supports two CSI-RS identifiers, which is used for RS sequence generation, (1) an explicit signaling of the CSI-RS identifier, (2) CSI-RS identifier generated based on cell ID.
· Note that signaling of cell ID association to a CSI-RS port was already agreed. 
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